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Abstrat. We analyze the resonant inelasti x-ray sattering (RIXS) spetra at
the Cu and Ni K edges in La2CuO4 and La2NiO4, respetively. We make use of
the Keldysh-Green-funtion formalism, in whih the RIXS intensity is desribed
by a produt of inident-photon-dependent fator and density-density orrelation
funtion in the 3d states. The former fator is alulated using the 4p density of
states given by an ab initio band struture alulation and the latter using the
wavefuntions given by a Hartree-Fok alulation of a multi-orbital tight-binding
model. The initial state is desribed within the Hartree-Fok approximation and
the eletron orrelations on harge exitations are treated within the random phase
approximation. The alulated RIXS spetra well reprodue several harateristi
features in the experiments. Although several groups have interpreted the RIXS
peaks as bound exitons, our alulation indiates that they should be interpreted
as band-to-band exitations augmented by eletron orrelations. The dierene
in RIXS spetra between La2CuO4 and La2NiO4 is explained from this point of
view.
PACS numbers: 78.70.En 74.72.Dn 71.28.+d 71.35.-y
Keywords : Resonant Inelasti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1. Introdution
Investigation of the eletroni exitations in the transition metal ompounds is
fundamental for understanding their eletroni properties. The exitations may be
haraterized into two types, spin and harge exitations. For the former, the inelasti
neutron sattering tehnique is quite useful to investigate energy-momentum relations.
For the latter, taking advantage of strong synhrotron soures, the resonant inelasti x-
ray sattering (RIXS) tehnique has beome a powerful tool to probe harge exitations
and to investigate their energy-momentum relations. For the RIXS tuned at transition
metal K-edge, the proess is desribed as a seond-order optial proess, in whih a
1s-ore eletron is exited to an empty 4p state by absorbing a photon, then harge
exitations are reated in the 3d states to sreen the ore-hole potential, and nally
the photoexited 4p eletron reombines with the 1s-ore hole by emitting a photon.
In the end, the harge exitations are left behind.
RIXS measurement at the Cu K-edge has been arried out to searh for harge
exitation modes and to determine the momentum dependene of harge exitation
in high TC uprates and their related materials for better understanding of the
unonventional high-TC superondutivity. For the undoped material La2CuO4, the
RIXS spetra as a funtion of energy loss are omposed of several peaks and show
lear momentum dependene[1, 2, 3, 4℄. The peak position in terms of energy loss
shifts remarkably as the momentum transfer hanges. Several groups have laimed
that the RIXS intensity reets a bound exiton and interpreted the peak-shifts as
a dispersion relation of bound exiton[4, 5℄. The RIXS experiment at Ni K-edge on
La2NiO4, whih has isostruture with La2CuO4, has been also arried out in order to
larify the dierene of harge exitations from La2CuO4. In ontrast to the uprate,
no superondutivity has been reported in the nikelate. It has been reported that
the RIXS spetra are omposed of several peaks whih do not show lear momentum
dependene. The peak position in terms of energy loss does not shift even though the
momentum transfer varies. It has been suggested that the exiton is well loalized in
the nikelate, while it is mobile in the uprate[4℄.
On the other hand, it has been argued that the RIXS intensity should be
interpreted as band-to-band exitations augmented by eletron orrelations, not as
bound exitons. Nomura and Igarashi (NI)[6, 7℄ have proposed a general formalism
of the RIXS spetra by extending the resonant Raman theory developed by Noziéres
and Abrahams[8℄ on the basis of the many-body formalism of Keldysh. In the NI
formula, with the assistane of the Born approximation on the interation between
the 1s hole and 3d eletrons, the RIXS intensity is desribed by a produt of an
inident-photon-dependent fator and a density-density orrelation funtion in the 3d
states. The NI formula has been suessfully applied to the quasi-one-dimensional
uprates SrCuO3[6℄, CuGeO3[9℄, two-dimensional uprate La2CuO4[7, 10, 11℄, and
the prototypial AFM insulator NiO[12℄. In these studies, the eletroni strutures in
the AFM phase have been alulated within the Hartree-Fok approximation (HFA)
using tight-binding models. It is known that the HFA works well for desribing
the eletroni strutures in the AFM insulators. Two-partile orrelations have been
taken into aount within the random phase approximation (RPA), whih has been
found to modify the spetral shape as a funtion of energy loss, having led to a good
agreement with the experiments. On the basis of these suesses, we may onlude
that the RIXS intensity arises from band-to-band transitions to sreen the ore-hole
potential in the intermediate state. Multiple-sattering ontributions due to the ore-
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hole potential have been also investigated in order to examine the validity of the
Born approximation, beause the ore-hole potential is not denitely weak. Having
evaluated the ontributions by means of the time-representation method by Nozières
and De Dominiis[13℄, it was found that the ontributions ould be mainly absorbed
into the shift of the ore-level energy with minor modiations of the RIXS spetral
shape[10℄. This result partly justies the use of the Born approximation.
In the present study, we disuss the RIXS intensity and larify the origin of the
dierene of them in La2CuO4 and La2NiO4 by applying the NI formula. We exploit
the tight-binding HFA alulation and the ab initio band struture alulation based
on the loal density approximation(LDA) to alulate the density-density orrelation
funtion and the inident photon dependent fator, respetively. We obtain stable
AFM insulating solution having an energy gap about1.7(3.5) eV within the HFA
for La2CuO4 (La2NiO4). Note that the band struture alulation with the LDA
fails to desribe the AFM insulating state for these systems. The two-partile
orrelations in the intermediate states are treated within the RPA. We obtain the
RIXS intensities in a range of energy loss 2 ∼ 6 (4 ∼ 8) eV for La2CuO4 (La2NiO4).
The alulated RIXS spetra well reprodue several harateristi features in the
experiments[2, 3, 4℄. Partiularly, the alulated RIXS spetra for La2CuO4 exhibit
the notieable momentum dependene of the peak struture while those for La2NiO4
do only slightly, being onsistent with the experiments. Although our results do not
reprodue all features in the RIXS spetra at this stage partly beause of the strong
orrelation between 3d eletrons, our results suggest that the RIXS intensity should be
interpreted as band-to-band transition and the peak shifts as a funtion of momentum
should not be interpreted as a dispersion relation of a kind of exiton, beause the
peaks with broad width onstitute an energy ontinuum generated by band-to-band
transition.
The present paper is organized as follows. In Se. 2, we briey summarize the
NI formula for the RIXS spetra. In Se.3 we disuss the alulated RIXS spetra
omparing with the experiments in onnetion with the eletroni struture within
the HFA in the AFM phase of La2CuO4 and La2NiO4. The last setion is devoted to
the onluding remarks.
2. RIXS Formula
We briey summarize the NI formula for the RIXS. In the RIXS proess, an inident
photon is absorbed by exiting a Cu(Ni) 1s ore eletron to the unoupied Cu(Ni) 4p
state, and a photon is emitted by reombining the 4p eletron and the ore hole. In the
intermediate state of the RIXS proess, the ore-hole potential ats on the 3d states
and reates eletron-hole pairs in order to sreen the ore-hole potential. In the end
of the proess, single eletron-hole pair is left behind within the Born approximation,
arrying momentum-energy q ≡ (q, ω) = (qi − qf , ωi − ωf ), where qi = (qi, ωi) and
qf = (qf , ωf) are momentum-energy of inident and sattered photons, respetively.
The RIXS intensity is derived on the basis of the Keldysh-Green funtion sheme.
The proess is diagrammatially shown in Fig.1. Within the Born approximation to
the ore-hole potential, the RIXS intensity is given by,
W (qi, ei; qf , ef ) =
N |w|
4
4ωiωf
∑
λmσ
∑
λ′m′σ′
× Y +−λmσ,λ′m′σ′(q)JBλλ′ (ωi, ei;ωf , ef) , (1)
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Figure 1. Diagrammati representation for the RIXS intensity. The wavy and
solid lines represent photon and eletron bare Green's funtions, respetively. The
dotted line is the ore-hole interation V . The solid lines with double arrows are
the Keldysh type Green's funtions. The shaded area represents the eetive
sattering vertex renormalized by 3d-3d Coulomb interation in the RPA.
where λ indiates the Cu(Ni) site λ in a unit ell. N is the number of unit ell and w
is the 1s-4p dipole transition matrix element, whih is assumed to be onstant. The
fator JBλλ′ (ωi, ei;ωf , ef ) desribes the inident-photon dependene, whih is given
by
JBλλ′ (ωi, ei;ωf , ef ) =

∑
ηη′
eiηL
ηη′
Bλ (ωi;ωf) efη′


×

∑
ηη′
eiηL
ηη′
Bλ′ (ωi;ωf ) efη′


∗
, (2)
where eiη (efη) is the η omponent of the polarization vetor ei (ef ) with η = x, y, z,
and Lηη
′
Bλ (ωi;ωf) is given by
Lηη
′
Bλ (ωi;ωf ) =
V
N
∫ ∞
ǫ0
ρηη
′
λ4p (ǫ) dǫ
(ωi + ǫ1s + iΓ1s − ǫ) (ωf + ǫ1s + iΓ1s − ǫ)
.(3)
V represents the 1s ore-hole potential ating on the 3d eletrons, Γ1s is the life-time
broadening width of the ore-hole state, and the lower limit of the integral ǫ0 indiates
the energy at the bottom of the ondution band. This expression omes from the
upper triangle in Fig.1. The ρηη
′
λ4p is the DOS matrix in the p symmetri states at the
Cu(Ni) site λ, whih may be given by
ρηη
′
λ4p (ǫ) =
∑
σ
∑
nk
φ∗λησ (n,k)φλη′σ (n,k) δ (ǫ− ǫn (k)) , (4)
where φλησ (n,k) is the amplitude of pη omponent with spin σ at the Cu(Ni) site λ
in the band state speied by the band index n and momentum k with energy ǫn (k).
The fator Y +−λ′m′σ′,λmσ (q) in Eq. (1) is the density-density orrelation funtion of the
Keldysh type, whih is dened by
Y +−λ′m′σ′,λmσ(q, ω) =
∫ ∞
−∞
〈(ρqλ′m′σ′)
†(τ)ρqλmσ(0)〉e
iωτdτ, (5)
where
ρqλmσ =
√
1
N
∑
k
d†k+qλmσdkλmσ, (6)
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with
dkλmσ =
√
1
N
∑
n
dnλmσe
ik·(rn+uλ). (7)
dkλmσ is an annihilation operator for the state denoted by the index kλmσ. The index
λmσ speies a tight-binding orbital at the Cu(Ni) site λ with 3d orbital m and spin
σ. Wavevetor k in eq. (6) runs over the rst Brillouin zone. Vetors rn and uλ in
eq. (7) represent a position vetor of the n-th unit ell and the position vetors of the
Cu(Ni) site λ in the unit ell n.
We alulate the density-density orrelation funtion (5) with taking aount of
the orrelation eet on the eletron-hole pair by the RPA as shown in g. 1. For
more details of the derivation, see refs. [10, 12, 11℄.
3. Results and Disussion
In order to alulate the inident-photon-dependent fator JBλλ′ (ωi, ei;ωf , ef), we
need the 4p DOS ρηη
′
λ4p(ǫ) on the Cu(Ni) site λ. We use the 4p DOS given by the band
struture alulation based on the LDA assuming non magneti states. Although the
LDA fails to desribe the antiferromagneti insulating states with a wide energy gap,
the alulated 4p DOS in the ondution band may be reliable beause the 4p DOS
has large intensity in the energy range above about 10 eV higher than the top of
the oupied states. Due to the rystal symmetry, ρηη
′
λ4p(ǫ) is almost independent of
Cu(Ni) site λ, ρxxλ4p(ǫ) ≈ ρ
yy
λ4p(ǫ) 6= ρ
zz
λ4p(ǫ), and the values for η 6= η
′
are negligible.
We set the energy dierene between the Cu(Ni) 1s level and the prominent peak
in ρzzλ4p(ǫ) to be 8992 (8348) eV as shown in g. 2. Under the ondition that the
dipole matrix element is onstant and that the interation between the ore hole and
the 4p eletron is negleted, the 4p DOS beomes proportional to the Cu(Ni) K-edge
absorption spetra. In the following, we assume that the inident and emitted x-rays
are polarized along the z diretion. Aordingly, the fator JBλλ′ (ωi, ei;ωf , ef ) is
replaed with the fator |LzzBλ (ωi;ωf)|
2
.
Another fator Y +−λ′m′σ,λmσ(q) mainly determines the struture of the RIXS
spetra as a funtion of energy loss. We alulate this fator using the tight-binding
wavefuntion given by the HFA assuming the AFM order. The Cu(Ni) 3d orbitals,
apial and in-plane O 2p orbitals are inluded in the tight-binding model. The
Slater-Koster parameters are taken from the LAPW band struture alulation for
La2CuO4[14℄. The same values are assumed for La2NiO4, beause reliable Slater-
Koster parameters are not available at this stage. Although a preise alulation
based on the rst priniple is strongly required, this assumption is plausible beause
the bond lengths Cu−O and Ni−O are nearly equal with eah other[15, 16℄ and the
band strutures near the Fermi level alulated within the LDA assuming non magneti
states for La2CuO4 and La2NiO4 are similar to eah other[17℄. The intra-atomi
Coulomb interation on the Cu(Ni) sites is given by the Slater integrals F 0, F 2, and
F 4. Among them, F 2 and F 4, whih are known to be slightly sreened by solid-state
eets, are taken from the analysis of the x-ray photoemission spetrosopy[18, 19℄. On
the other hand, F 0 is known to be onsiderably sreened, so that we regard the value
as an adjustable parameter. The Coulomb interation on O sites and that between
Cu(Ni) 3d and O 2p orbitals are absorbed into a renormalization of the O 2p level
parameters. The Cu(Ni) d-level position relative to the O p-levels is given by the
Charge Exitations in Cuprate and Nikelate in Resonant Inelasti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Figure 2. ρzz
λ4p
and
“
ρxx
λ4p
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λ4p
”
/2 at Cu and Ni site λ omparing with the
uoresene yield (gray solid urve) reprodued from ref. [4℄. Energy zero of the
DOS is shifted so that the energy of the prominent peak in ρzz oinide with the
uoresene peak.
harge-transfer energy ∆ dened as ∆ = Ed − Ep + 9U (∆ = Ed − Ep + 8U) in the
d9 (d8) onguration for La2CuO4 (La2NiO4), where U is the multiplet-averaged d-d
Coulomb interation given by U = F 0−(2/63)F 2−(2/63)F 4[20℄. The harge-transfer
energy ∆ is also treated as an adjustable parameter in the present alulation. We
assume U = 11 eV, ∆ = 2.5 eV (U = 6 eV, ∆ = 4 eV) for La2CuO4 (La2NiO4).
Figure 3 shows the DOS projeted on the Cu(Ni) 3z2−r2 and x2−y2 states. The
alulated energy gap is about 1.7 (3.5) eV for La2CuO4 (La2NiO4). The x
2−y2 states
of the loal minority spin reside on both oupied and unoupied energy regions with
notieable weight. Therefore, the transitions from the x2 − y2 states in the energy
ranges denoted by B, C, and D to the x2 − y2 states in the energy range denoted by
A ontribute to the sreening proess of the 1s ore-hole potential, onsequently to
the RIXS intensity. We note that the transitions between the states having dierent
loal symmetry from eah other is forbidden. The distribution of the x2− y2 states of
the loal minority spin is similar between La2CuO4 and La2NiO4 exept for the band
width. The band width of the states inluding x2− y2 state of the loal minority spin
for La2NiO4 is muh narrower than that of La2CuO4 due to the larger harge-transfer
energy ∆. In La2CuO4, the 3z
2−r2 states are ompletely oupied for both spins . In
La2NiO4, a small amount of the 3z
2 − r2 states of the loal minority spin reside even
in the oupied energy region, while those of the loal majority spin are ompletely
oupied. Thus, the transition in 3z2 − r2 hannel dose not our in La2CuO4, while
the transition an ontribute to the RIXS intensity in La2NiO4. In ontrast to the eg
states, the t2g states annot ontribute to the RIXS intensity, sine the loal majority
and minority spin t2g states are ompletely oupied.
Combining the two fators, we obtain the RIXS spetra with assuming the ore-
hole lifetime broadening Γ1s = 1 eV. We onvolute the result with a Lorentzian
funtion of FWHM = 0.3 eV for taking aount of the instrumental resolution. Figure
4 shows the alulated spetra for La2CuO4 at several momentum transfer q omparing
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kelate in Resonant Inelasti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Figure 3. Partial DOS of 3z2 − r2 and x2 − y2 orbital at a transition metal
site and of pσ orbital at an in-plane oxygen site for La2CuO4 (upper panel) and
La2NiO4 (lower panel). Energy zero is at the top of valene band. DOS for the
loal majority and the loal minority spins are presented in upper and lower half,
respetively. Roman letters A, B, C, and D are denoted to the energy ranges
where the x2 − y2 partial DOS in the loal minority spin has notieable intensity.
with experiments[3℄. The RPA orretion modies the spetra alulated within HFA,
leading to better agreement with the experiments. We obtain ontinuous spetra as a
funtion of energy loss ω ranging from ω = 2 eV to 6 eV. Intensities around ω = 2.2,
3.2, and 4.5 eV are aused by harge exitations of B→A, C→A, and D→A transitions,
respetively, within the x2 − y2 symmetry in the loal minority spin states (see g.
3). A prominent peak around 4.5 eV stays at the same position with hanging the
momentum transfer q. The spetral shape in the low energy region hanges as the
momentum transfer q varies. A broad hump existing around ω = 2−4 eV at q = (0, 0),
whih is enhaned by the RPA orretion, grows up to beome a peak around 3.2 eV
at q = (π, 0). This behavior orresponds well to the experimental line shape at
q = (π, 0), whih looks like two peaks around ω = 3.2 and 4.5 eV. On the other
hand, the intensity of the broad hump around ω = 2 ∼ 4 eV is suppressed by the
RPA orretion at q = (π, π) and only one peak is overwhelmingly left at 4.5 eV. This
explains the experimental spetra at q = (π, π), whih looks like a single peak around
ω = 4.5 eV. Although several harateristi features of RIXS spetra are reprodued in
a good agreement with the experiments[4, 3℄, several disrepanies between the present
alulation and the experiments still remain; the 4.5 eV peak is hardly disernible at
q = (0, 0), the intensity at ω = 4 eV is enough large forming a peak-like struture at
q = (0, 0) with ωi = 8992 eV[2℄. To remove these disrepanies, we may need to take
aount of the eletron orrelations beyond the RPA and the eets beyond the Born
approximation to the ore-hole potential.
Figure 5 shows the alulated spetra for La2NiO4 at several momentum transfer
omparing with experiment[4℄. We obtain ontinuous spetra ranging from ω = 4
eV to 8 eV. The RPA orretion works to suppress the spetra alulated within the
HFA in a energy range 4 ∼ 7 eV at all momentum transfer q. The intensities around
Charge Exitations in Cuprate and Nikelate in Resonant Inelasti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Figure 5. RIXS spetra for La2NiO4. The experimental spetra are reprodued
from ref. [4℄. Inident photon energy is assumed to be 8348 eV.
ω = 4, 5, and 6.3 eV arise mainly from the harge exitations of B→A, C→A, and
D→A transitions, respetively, within the x2 − y2 symmetry in the loal minority
spin states. The transition between the 3z2− r2 states of the loal minority spin also
ontributes to the intensity around ω = 5.8 and 7.3 eV. In ontrast to La2CuO4, the
alulated RIXS spetra show only slightly peak-shifts and intensity-hanges as the
momentum transfer q hanges. This non-dispersive behavior of the peak-struture as
a funtion of energy loss is well onsistent with the experiment[4℄. We note that this
is a onsequene of the fat that the band width of the x2 − y2 states of the loal
minority spin in La2NiO4 is muh narrower than that in La2CuO4 due to the larger
harge-transfer energy ∆.
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4. Conluding Remarks
We have analyzed the momentum transfer dependene of the RIXS spetra in La2CuO4
and La2NiO4 on the basis of the formula developed by Nomura and Igarashi. This
formula expresses the RIXS spetra by a produt of the density-density orrelation
funtion and the inident-photon dependent fator. This formula makes it possible to
alulate the RIXS spetra on the ompliated models inluding many orbitals, and
provide lear physial interpretations to the RIXS spetra. It also may be possible to
inorporate this formula into an ab initio band struture alulation up to the RPA
level, beause the formula is similar to that of the dieletri funtion ǫ (q, ω). In the
present study, a multiorbital tight-binding model, whih inludes all the Cu(Ni) 3d
and O 2p orbitals as well as the full Coulomb interation between 3d orbitals have been
used to alulate the density-density orrelation funtion, whih has been alulated
from the tight-binding wavefuntions within the HFA and RPA. The inident-photon-
dependent fator has been evaluated from the 4p DOS given by the ab initio band
struture alulation.
Our results reprodued several harateristi features in the RIXS experiments as
a onsequene of band-to-band transition between the oupied and unoupied x2−y2
states of the loal minority spin. Present alulation has also shown that in La2NiO4
the RIXS peak position in terms of energy loss shifts only slightly as the momentum
transfer varies, while that looks to shift remarkably in La2CuO4, being onsistent
with the experiments. This is simply explained as a onsequene of the fat that the
band width of the states ontributing to the RIXS intensity is signiantly narrower
in La2NiO4 than in La2CuO4 beause of a large harge-transfer energy ∆. Present
alulation does not reprodue all features at this stage partly beause of the strong
orrelation between 3d eletrons. In spite of several drawbaks of our analysis, it is
suggested that the peak shifts as a funtion of momentum should not be interpreted
as a dispersion relation of a kind of exiton, beause the peaks with broad widths
onstitute an energy ontinuum generated by a band-to-band transition. We have
shown that the weight of the x2 − y2 states of the loal minority spin in the oupied
band states strongly depends on the momentum[11℄. The momentum dependene of
the weight of the x2 − y2 states of the loal minority spin in the band states and
the dispersion relation of the band states mainly determine the momentum transfer
dependene of the RIXS intensity in the uprate and nikelate.
Although experimental data have been aumulated for the doped uprates and
nikelates[21, 22, 23, 4℄, theoretial analyses are limited on a one-band Hubbard model
within the exat diagonalization method[24℄, and on a three-band Hubbard model
analysis within the HFA on the basis of the present formalism[25℄. An analysis with a
detailed model like the present paper may be neessary to larify the momentum and
inident-photon dependene of the spetra. Sine eletron orrelations are expeted
to be more important in the doped uprates and nikelates, suh studies seem rather
hard and are left in future.
Aknowledgments
This work was partly supported by Grant-in-Aid for Sienti Researh from the
Ministry of Eduation, Culture, Sport, Siene, and Tehnology, Japan.
Charge Exitations in Cuprate and Nikelate in Resonant Inelasti X-Ray Sattering10
Referenes
[1℄ Y. J. Kim, J. P. Hill, C. A. Burns, S. Wakimoto, R. J. Birgeneau, D. Casa, T. Gog, and C. T.
Venkataraman. 2002, Phys. Rev. Lett., 89 177003.
[2℄ L. Lu, J. N. Hanok, G. Chabot-Couture, K. Ishii, O. P. Vajk, G. Yu, J. Mizuki, D. Casa,
T. Gog, and M. Greven. 2006, Phys. Rev. B, 74 224509.
[3℄ D. S. Ellis, J. P. Hill, S. Wakimoto, R. J. Birgeneau, D. Casa, T. Gog, and Y.-J. Kim 2008,
Phys. Rev. B, 77 060501.
[4℄ E. Collart, Abhay Shukla, J.-P. Rue, P. Leininger, H. Ishii, I. Jarrige, Y. Q. Cai, S.-W. Cheong,
and G. Dhalenne. 2006, Phys. Rev. Lett., 96 157004.
[5℄ F. C. Zhang and K. K. Ng 1998, Phys. Rev. B, 58 13520.
[6℄ Takuji Nomura and Jun-ihi Igarashi. 2004, J. Phys. So. Jpn., 73 1677.
[7℄ Takuji Nomura and Jun-ihi Igarashi 2005, Phys. Rev. B, 71 035110.
[8℄ Philippe Nozières and Elihu Abrahams 1974, Phys. Rev. B, 10 3099.
[9℄ S. Suga, S. Imada, A. Higashiya, A. Shigemoto, S. Kasai, M. Sing, H. Fujiwara, A. Sekiyama,
A. Yamasaki, C. Kim, T. Nomura, J. Igarashi, M. Yabashi, and T. Ishikawa 2005, Phys. Rev.
B, 72 081101.
[10℄ Jun-ihi Igarashi, Takuji Nomura, and Manabu Takahashi 2006, Phys. Rev. B, 74 245122.
[11℄ M Takahashi, J Igarashi, and T Nomura. 2008, J. Phys. So. Jpn., 77 034711.
[12℄ M Takahashi, Junihi Igarashi, and T Nomura. 2007, Phys. Rev. B, 75 235113.
[13℄ P. Nozières and C. T. De Dominiis. 1969, Phys. Rev., 178 1097.
[14℄ M. J. DeWeert, D. A. Papaonstantopoulos, and W. E. Pikett. 1989, Phys. Rev. B, 39 4235.
[15℄ G. H. Lander, P. J. Brown, J. Spal/ek, and J. M. Honig 1989, Phys. Rev. B, 40 4463.
[16℄ G. H. Lander, P. J. Brown, C. Stassis, P. Gopalan, J. Spalek, and G. Honig 1991, Phys. Rev.
B, 43 448.
[17℄ L. F. Mattheiss 1993, Phys. Rev. B, 48 4352.
[18℄ H. Eskes and G. A. Sawatzky. 1991, Phys. Rev. B, 43 119.
[19℄ H. Eisaki, S. Uhida, T. Mizokawa, H. Namatame, A. Fujimori, J. van Elp, P. Kuiper, G. A.
Sawatzky, S. Hosoya, and H. Katayama-Yoshida 1992, Phys. Rev. B, 45 12513.
[20℄ A. E. Boquet, T. Mizokawa, T. Saitoh, H. Namatame, and A. Fujimori 1992, Phys. Rev. B,
46 3771.
[21℄ K. Ishii, K. Tsutsui, Y. Endoh, T. Tohyama, K. Kuzushita, T. Inami, K. Ohwada, S. Maekawa,
T. Masui, S. Tajima, Y. Murakami, and J. Mizuki. 2005, Phys. Rev. Lett., 94 187002.
[22℄ K. Ishii, K. Tsutsui, Y. Endoh, T. Tohyama, S. Maekawa, M. Hoesh, K. Kuzushita, M. Tsubota,
T. Inami, J. Mizuki, Y. Murakami, and K. Yamada. 2005, Phys. Rev. Lett., 94 207003.
[23℄ L. Lu, G. Chabot-Couture, X. Zhao, J. Hanok, N. Kaneko, O. Vajk, G. Yu, S. Grenier, Y.-J.
Kim, D. Casa, and M. Greven. 2005, Phys. Rev. Lett., 95 217003.
[24℄ Kenji Tsutsui, Takami Tohyama, and Sadamihi Maekawa 2003, Phys. Rev. Lett., 91 117001.
[25℄ R. S. Markiewiz and A. Bansil. 2006, Phys. Rev. Lett., 96 107005.
